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FLIGHT-TEST EVALUATION OF THE LONGITUDINAL STABILITY
AND CONTROL CHARACTERISTICS OF O.5-SCALE MODELS OF - -
THE FAIRCHILD TARK PILOTLESS-ATRCRAFT CONFIGURATION. .

STATIC LORGITUDINAL STABILITY OF MODELS WITH & ° -
WING FLAP DEFLECTIONS OF 0° AND 15°

TED NO. NACA 2387 - % -

"By Devid &. Stone

S“l "ﬁl”fA Ri L

From flight tests of 0.5-scale models of the Felrchild Tark -
pilotless aircraft conducted at the flight test statlon of the
Fllotless Aircraft Research Division at Wallops Isla.nd., Va., some

evaluations of the static longltudinael: stabllity were obtained

by enaiysis of the sghort-period osclllations induced by the abrupt
movement of the rudder eleovabors. The analysis shows that for the
Lark configuration with wing flap deflections of 0° and 157 the
static longitudinal stability decireases: ‘slightly wp to the critical
Mach number and than es the Mach num:ber increases further the
stability lncreases greatly.

INTRODUCTION

The National Advisory Coemmittee for“Aeropautics was requested
by the Bureau of Aeronautics, Navy Department, to makeé flight tests
of the Falrchild Lark pilotless-aivéraft conflguration to evaluate
the longitudinal stebility and comtrol characteristice at high
subsonic speeds in order ‘to'prédict the behavior of the full-scale
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eircraft. To obtain this ini‘ormation O«-5~scale models, externally
geametrically similear to the Feirchild Lark were constructed and
flown at the flight test station of the Pilotless Alrcroft Research
Divislon at Wallops Isiarid, Va. The results reported herein pertain
to the static longitudinal stability of the Lark configuration with
wing flap deflections of 0° and 15°.
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free-stream Mach rnumber

. .mormel;forde- cci'éfﬂéient

rate of change of pitching moment; with angle of attack,
foot-bounds per: radisn

rate of change of pitching*mcment coefficient wlth angle

.+ of. attack; per degree T

rate of change of 11ft coefficient with angle of attack,
per degree :

perdiod of oscillation,'ééCdndﬁ

moment of inertia about I axls, slug- ~foet?s

free-stream dynamic pressure

Pree-stream 5+atic~pres3ufeg

o weight. of mod.el, pound‘s

.horizontal wing area, 2 725 square feet

w":ng chord, O. 883 faet P - L L

'normal acceleration, Post P seco1d? :

acceleration of gravity, 32.2 feet per second®
deflection of horizontal wing flaps, degrees

specific heat ratio; value token, 1.k
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The simpllfied. (oF S-scale’ models used. in this investiga.tion were
externally geometricel similayr to the Full-scele fark’ (RAQ-1) of
~the Pilotless.Plene Division.of the.Feairchlld Engine and Alrplane
..Corporation. “Descri ptions of the models and the testing technilque
are given in references 1 and 2, which report the fIlght tests of
models with 3p = 0° and Bp = l5° Figure 1 presents the generel
errangement of the Q. 5-sca...e models. Teble I gives & camparison of
the welght and balatics ‘characteristics of the models end the full-
scale sircreft. A photograph of a modsl and rocket motor is shown
in figure 2. ) . R _

- 'METHOD OF -ANALYSTS

- Eveluaticng -of the static longitudinal stabililty were obtained
by analysle of the short-period oscillations inducsd by the ebrupt

movement of the rudder elevators. As shqwn in  references 1 emd 2

. these short-period asclllatlons appeared in: the normal acceleration

‘curve as the normal. accelerometer wes mounted approximately 3 ilnches

{0283 chord) esheed Of thé cehter.of gravity. Thése short-period

oscillations were alweys demped which irdicates the pitching motions

to be statically and dynemically steble. The period of the motion

for small amplitudes mey be expressed as a ‘functlon .of the moment

»:of inértia and the restoring moment Ter ra:dian morvement with respect

ot to the relative wind ag’ follows:

(1)

m .o . . }.HIEI P O e
= TS B (2)

- e

_ T.'rze ‘Hecond ord.er effects, such as the amplitud.e o:E‘ the osaillation,
were found to have 1o apprecia.'ble effect on the value of the periled.

“However, “the effect of demping in pitch is not included and, if the
demping factor is laerge.some error may be expected. The values
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d . .
of -aq—f obtalned are for the model-flight center-of~gravity

locations which for Bf = 0° variled fram 16.0 to 17.h4 percent .
chord end for B&p = 150 'varied. from 19.0 to 19 8. percent chord.
as the rocket motor 'burned. out. A similar variauion of the

moment of inertia was included. in the com;putation of dgf for ..

each casge. S s Thaat T -
.. DISCUSSION . . . ...

The values of the perlod determined from the flight tests
reported in references 1 and 2 are presented in fliguré. 3.t6 slow
the variation of the period of the oscillatlion with Mach mumber.
The gcatter of the test pointe on figure 3 indicates the emount of
error in determining P.. As shown in'figure 3. for: By & 13°. :the " '
periods of the oscilla*bione for high and low velues of Oy ‘were.
of different magnitude whlch indicates different anIounte of’ s_te.tic
stabllity. For the éase of * Bf = 0° 'the values of ' Oy  are .
between -O 3 and Ok, and’ for the case of .. Bp = 159 the low
vajues of Cy are 'between 0 end 0.2 and the high values of CN
are 1ln the vicinity of O 9 ] - .

Figure 4 prosents the static longitudinal stability . a8, .
computed using equation (2), as & function of Mach mumber. 'These
curves indicate that as M I1ncreases the stablllty decreases
glightly, then as M increases further the stebllity ilncreasss
greatly, especially after the critical Mech nwumber. .These data
indicate that the statlc’ longitudinal stability changes rapidly
with 1ift coefficient and Mach mumber. This is also shown in
reference 3, high-speed wind-tunnel tests of a 0.25-gcale model.

For B®f = 0° an increase in the value of % fram -0.03 to
-0.053 may be expscted as M changes from 0.6 to 0.9, and for
= 15° (high Cy) en inorease in the value of .8 from .-

-0. 018 to ~0.037 may be expected. s M che.nges from 0 7 to 0.8.

By téking the value of the slope of the l.’Lft curve -i—cl'-
. do
to be 0.08, an average value”as’ determined from reference 3 a.nd
also inc_u.ud.ing the variation of centetr of gravity, the neutral.

points were computed for these cond.itions. 1_'he_se neutral po:!_.:nts ,
e ]
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of course, do not include ths probable changes in %—?‘E‘- beyond

g

the critical Mech rnumbsr. The variaetion of the nesutral pcints
for B =0° and &p = 15° with M . is.given in figure 5. Again
the increase in gstability ls indicated by thse large rearward move-
ment. of the neutral point as' M 1ncreases awvove 0.75.

CONCLUSIONS

The period of the short-pericd oscillation irnduced by the
abruph movement of the rudder slevators can bhe used. to give
quantitasive informatlon on the static longitudinal stabiliby.

For the 0.5-scale model Lerk with wing flap deflsctions of 0°

end 15° the stablc longitudinel stability decieaséd slightly #p to
the critical Mach number, then as M increased further the
gtebllity increased greatly. - Tl e Ll e
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TABLE T
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Model flight no. 1

Model flight no. 2

Toem Foll-socale . o
aircralt A teke- & burn~ | A6 take- &5 burn-
off out off outb
Weight, 1b 1060 12k, 7 97-3 127. 4 99.9
Conter-of-pravlty
location, percent chord 20 15.2 17-h 18.6 19.8
Wing loading 1bfeq £t 110 45.7 35.7 46.7 36.6
Mament of inertla 221 (epprox. ) 8.9 8.5 8.3 7.9
Blug-feeta
Radiue of gyretion, ft 2. 6(apprax. ) 1.5 1.7 1.5 1.59
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Figure 3 .-Variation of pertod of the short-period oscillations
with Mach number for &=0° and 8y=157
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Figure 4 .- Variatiornn of the staltic longitudinal stability
with Mach number for Sg=0° and &;=/57
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Figure § .~ Variation of the neutral point with Mach number
for &=0°and {=15% dC,_/ab: assumed tobe 0.08.
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